Nuclear shell model predictions for the proton spectroscopic factor of the 1 + , Ex = 5. 
Significant progress has been made in recent years to better determine charged-particle thermonuclear reaction rates involved in classical nova explosions. As a result, most of these rates can be specified with experimentally based uncertainties over the relevant stellar temperatures [1] . The thermonuclear rate of the 25 Al(p, γ) 26 Si reaction (Q = 5513.78(48) keV [2] ) is considered to be one of the few remaining rates with an uncertainty large enough to significantly affect model predictions of nucleosynthesis in classical nova explosions (see, e.g., Ref. [3] ). Over temperatures involved in novae (≈ 0.01 − 0.4 GK) this rate is dominated by contributions from direct capture, a 1 + resonance at E x ( 26 Si) = 5.68 MeV, and a 3 + resonance at 5.92 MeV. As well, a 0 + resonance at 5.95 MeV is a minor contributor for T > 0.2 GK. These contributions to the total rate, as tabulated in Ref. [4] , are shown in Fig. 1 . We note that recent recommended rates [1, [4] [5] [6] all agree to a factor of ≈ 3 over the relevant temperatures.
The uncertainty in this rate is difficult to quantify since direct measurements of the strengths of the 1 + and 3 + resonances are not yet possible. Instead, shell model calculations, information from the β-decay of 26 P, and information from mirror states in 26 Mg have been used to estimate and constrain the proton and γ-ray partial widths of these two states. These quantities can then be used to determine resonance strengths and the corresponding resonant contributions of these states to the total thermonuclear rate, as in Fig. 1 [7] . Recent determinations of the 25 Al(p, γ) rate have used proton spectroscopic factors S l to estimate the required proton partial widths [1, [4] [5] [6] . These quantities have been calculated using the shell model [5, 6, 9] , and, for the 3 + resonance, adopted from the mirror state [8, 9] . Uncertainties of a factor of three have been assumed for proton partial widths estimated using quantities calculated though the shell model [4, 10] . More recently, Ref. [6] found that a ≈ 20% uncertainty in their theoretical spectroscopic factors accounts for the spread in values determined using different sd-shell Hamiltonians.
Experimental Si state at E x = 5.92 MeV, shell model calculations give S l=0 = 0.14 and S l=2 = 0.33 [6, 9] ; Yasue et al. measured S l=0 = 0.14 and S l=2 = 0.30 for the mirror state at E x ( 26 Mg) = 6.13 MeV [11] . For the 0 + , 26 Si state at E x = 5.95 MeV, shell model calculations give S l=2 = 0.047 [9] and S l=2 = 0.039 [6] ; Yasue et al. measured S l=2 = 0.054 for the likely mirror state at E x ( 26 Mg) = 6.26 MeV [11] . Curiously, for the 1 + , 26 Si state at E x = 5.68 MeV, shell model calculations give S l=2 = 0.0040 [9] , S l=2 = 0.0048 [5] , and S l=2 = 0.0035 [6] ; while Yasue et al. measured S l=2 = 0.20 for the mirror state at E x ( 26 Mg) = 5.69 MeV [11] . This large disagreement for the 1 + resonance may be attributed, in part, to the difficulty in separating the doublet at E x ( 26 Mg) = 5.69 and 5.72 MeV when obtaining angular distributions from the 25 Mg(α, 3 He) measurement. This is supported by how differential cross sections for the combined doublet are given at twelve angles between θ CM ≈ 5 − 60
• , but cross sections for each member of the doublet are given at only seven angles between θ CM ≈ 5 − 25
• [11] . A more pressing issue may lie in the suitability of using the (α, d,p) ) and sufficient energy resolution to separate the doublet (e.g., Refs. [12, 13] ). As such, it is not clear whether the Yasue et al. result for the 1 + resonance is a true single-particle spectroscopic factor. With regard to the thermonuclear rate of the 25 Al(p,γ) reaction, a spectroscopic factor of S l=2 = 0.20 for the important 1 + resonance would lead to a total rate that is ≈ 6 − 50 times larger than recently recommended rates at T ≈ 0.05 − 0.2 GK (see Fig. 1 ).
New high resolution measurements of the 25 Mg(d,p) and 25 Mg(α, 3 He) reactions, used in conjunction with improved theoretical treatments of the reaction mechanisms, could help to clarify this possible discrepancy. To assess the astrophysical motivation for such measurements, we first use some simple calculations to gain some insight into the possible impact in classical nova explosions of the enhanced 25 Al(p,γ) rate in Fig. 1 . At T = 0.1 GK, the tabulated total rate of Ref. [4] Fig. 1 would not be expected to compete effectively with the β-decay of 25 Al at the relevant temperatures.
To investigate this issue in more detail, we performed two hydrodynamic simulations to test the impact of an increased 25 Al(p,γ) rate on predictions of nucleosynthesis in classical nova explosions. The two simulations were identical except for the rate of the 25 Al(p,γ) reaction employed: one used the tabulated reaction rate of Ref. [4] , while the other used an enhanced rate determined using S l=2 = 0.20 for the 1 + resonance (instead of S l=2 = 0.0040, as used in Ref. [4] ). These two rates are shown in Fig. 1 . We have adopted a typical nova scenario consisting of a 1.25 M ⊙ oxygen-neon white dwarf accreting solar material at a rate of 2 × 10 −10 M ⊙ yr −1 [14] . Mixing at a level of 50% [4] . Also shown is an enhanced rate (grey line) determined using a spectroscopic factor for the 1 + resonance that is fifty times larger [11] than that used in Ref. [4] (see text).
between accreted material and the outermost layer of the white dwarf was assumed. We found no appreciable differences in the nucleosynthesis of the two models; predicted yields were in agreement to better than ≈ 5%. As may be expected from the simple calculations mentioned earlier, even the enhanced 25 Al(p,γ) rate is not large enough to compete effectively with the β-decay of any 25 Al produced in nova explosions for T < 0.2 GK. For completeness, we performed a third simulation using a 25 Al(p,γ) rate determined from a spectroscopic factor for the 1 + resonance that is 50 times lower than the shell model value of S l=2 ≈ 0.004. Again, as expected, the calculated yields did not differ significantly from those determined using the tabulated rate of Ref. [4] .
Nucleosynthesis in the adopted nova model is not very sensitive to variations by a factor of ≈ 50 of the theoretical proton spectroscopic factor of the 1 + resonance of the 25 Al(p,γ)
26 Si reaction. As such, experimental efforts to improve this rate for models of classical nova explosions should probably focus on better contraining the resonant contribution of the key 3 + resonance.
